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SYMBOLS 


blade  lift-curve  slop*,  par  rad 

blada  coning  angle  Manured  free  hub  plane  In  Che  hub-wind  asae  eyeten,  rad 

longitudinal  first-ha  monlc  (lapping  coefficient  neaaured  f roe  the  hub  plane  In 
the  wind-hub  axes  eyeten,  rad 

lateral  acceleration,  a/sec*  (ft /see*) 

lateral  f iret-haraonlc  flapping  coefficient  enaaured  free  hub  plane  In  the  wind- 
hub  axes  eyeten,  rad 

rotor  thruat  coefficient,  T/efet* > CO*)* 

Drag  force,  N  (lb) 

rotor  force  normal  to  ahaft,  positive  downwind,  N  (lb) 

Incidence  of  horisontal  acabilator,  poaltlve  for  leading  edge  up.  rad 
tall  rotor  cant  angle,  rad 


pitch-flap  coupling  ratio,  i  tan  4, 
fuaelage  rolling  ecatat,  JHi  (ft-lb) 
fuselage  lift,  tt  (lb) 


rol ling  nonent,  pitching 


t,  and  yawing 


t,  reapectlvely,  *-n  (ft-lb) 


roll,  pitch,  end  yaw  ratea  In  the  body-e.g.  asaa  eyeten,  rad/aec 


q  dynamic  pressure,  |  cVJ ,  H/eJ  (lb/ft}) 

Q  torque,  tt-n  (ft-lb) 

R  rotor  radius,  n  (ft) 

STA  longitudinal  location  in  the  fuaelage  axes  eyeten,  n  (ft) 


thrust.  If  (lb) 


|“*r  f'r 

fp*  *  -  .Met  PJ 
I  r  '** 

I  '  ,  a  (  meed  '  ) 

•  it*  <?a*  ttn - — — 


Coen 

...  w^'er 


longitudinal ,  lateral,  and  vartical  velocities  in  tbs  body-c .g.  ayatan  of  anas, 
n/aec  (ft/aac) 


tall  rotor  loduc ad  velocity  at  rotor  dioh,  n/aec  (ft/aac) 
vartical  location  In  tha  fuselage  asaa  ayatan.  a  (ft) 


longitudinal,  lateral .  and  vartical  forcaa  In  tha  body-e.g.  aaaa  ayatan*  *  (1b) 


Stahl  1 la  log  aurfaca  angle  of  attach,  rad 

rotor  • Idea  lip  angle,  rad 

blade  Loch  n unbar .  ;aclVl} 

equivalent  rotor  blade  profile  drag  coafflclant 

lateral  cyclic  atlch  novanant.  poaltlva  to  right,  cn  (la.) 


collective  control  Input,  poaltlva 


(la.) 


longitudinal  cyclic  atlch 


it,  poaltlva  aft,  cn  (in.) 


pedal  novanant,  poaltlva  right ,  cn  (in.) 


tncrvnont  la 

tutor  pitch  angle,  rad 

blade  root  collective  pitch,  rad 

total  blade  twist  (root  alauo  tip  Incidence),  tad 

,  «t  s 

Inf  1m  ratio,  »  —  -  . .  1  1  '« 


1U*  ♦  **) 

.srr;i 


#,»/» 


rotor  advance  ratio,  —  Tr—~~ 

Ml 

elr  density,  hg/e*  (alepa/ft*) 

rotor  aolidlty  ratio,  blade  area/dlah  area 

Color  roll  angle,  rad 

teler  you  angle,  rad 

rotor  angular  velocity,  rad/eec 


Subscript*: 

•  Mrc>|>  mm  lyttw  nUtt««  w  tlr 

C  CMC  MM  fjtflM 

CW  CMUVIdC  mm 

c.|.  center  of  gravity 

t  fuMUg* 

It  Inb-My  MM  Oy«tM,  M  local  Im 
MS  brtiMMl  tub!  In  tor 
t  IMncM 

f  pilot  logoi 
It  coll  rotor 
w  bWlM  «yt(n  of  mm 


a 


T*u*  r*pert  ictaiMU  (W  r*«l«iMC  w4>  («  *  Mltwiwuc*)  «4*l  »t  •  «!<«)• 
ft»l»  rotor  bolUepter.  Hum  rt«UlMi  wrr  MtMury  to  wade  t  (bo  QMO  b*lk«o(#f 
Ncurttrly.  Tbo  Mjor  oedtf  icedeo*  to  (bo  oodol  Utlnir  (twin*  eerodytuMMc  force 
*»d  w«oe»t  rtMilww  (bo (  «r»  •petific  to  (be  WHO,  «  c«eto4  toil  rotor*  o  bariitMU) 
•tobtloior  with  vorieble  tociOooeo.  red  o  fitch  bio*  octootor  (PM),  to  otUitfoo* 

(be  o»j4*1  rwtolr**  o  felt  mi  of  por«a»t*re  which  describe  tbo  helicopter  coofioore* 
u*»#  end  it*  pfey«uot  cborot(ert*(  *<*. 


tftaootcnoK 


( 1 

^  .1 

$1 


A  (eo*degtee-«ef »f(W#wt.  MlMwtkol  Mbl  thet  I*  ««ll*b)e  for  root- 

tin*  piloted  »»o*U(»«o  of  •lepie  rotor  helicopter*  **  lewntef  «•  tefetodro  t,  fbi* 
Mrt  lev  lode*  (bo  ri«U  Nf»  »*m(  loo*  of  M  let  oM  m  «rr*ftMM<  «wf*l 
rhot  »r**id*  (b«  Mr<xiyM»i<  f-rce  «*d  mmom  <h*te«teti«t  ic*  of  the  eirrteft,  • 
*eoet*u«ed  *i«bilit*  mi  <«*»»»!  nprei *t l«o  or* too.  000  •  »i«rtl(M  ooftioo/ 

*'V*(«iv>(  OmlW  I  , 


bov|*|  >*o  to  tbo 


I  OOf* 


with  (bo  lot  tool  op  (l«d*< 


l.  t*pt««vee*ot  of  tbo  f (Oolite  of  tbo  (»*♦©  fwpelope  *om<<» itewlc  «*del  • 

oklo  trope  of  eopteo  of  etleeb  rod  •Ideotir  etflr* 


MlflucIliO  of  tbo  toil  rotor  eofodfOebMc  ftodel  to  lotelr  the  opt  I**  of 
* rot  I op  tbo  toll  fotob  rod  bedel  (bp  It*  *«m<i  Irlof  retdt«dM<  of  fort*. 


K  tbtecpetetled  lb  tbo  bode  I  of  the  or*  ted  for  the  tVMM  hot  I  roof  * ) 

rerbllrtot  oltb  »rt lehle  lor  Idee* e  red  tbo  r««olt«bt  oetodyhPPIc  effort*. 


*»  toe  of  fob  el  |od  of  (bo 

c^otfot  iwppeotot loo  «**ted 


'MO’*  Hki  hi**  m  (oof of  e*  pett  «f  the  «l«*nif 


tM»  report  frwHIer  tbo  feet  M|«r  h4lfk«U«M  to  the  bode  If  the  fooo- 
ioeo  retedeowble  fot*e  end  oodeot  (meUem  thet  ete  *»ot  I  f  l«  to  the  tbMW«  •  « ** ted 
toll  rotor,  tbo  fb*fb  hflrdfr!  rlrbl Irlef  oltb  orrirbfe  lh I4eh*«  ooi  the  1b-fjf 
rttfb  bleb  r*  footer.  to  eddltt**.  e  rottlo*  ieodlld  the  (bnltrl  chetetterlwtir* 
>’f  tbo  tb*tt>  rod  tbo  poroaetef*  redotted  **  tbd  todel  I*  pie*  ih)«M. 


nmt«it  tt»  m  nrnwt  minwiiimci 


% 


fbo  flMO’r  free  lore  reCodcowbtc*  ooto  »'h led  wl«r  erteenire  rinPttdel  toot 
dote  presented  10  reference  i .  Tbo  f 000 lope  force  tod  mmem  epwl lo*  «ere  lethel 
fro*  these  test  dele  orlop  e  teftmtor  riper  It  he  (ref.  1|.  tbd#  elprltlb  topic*} 1? 
file  e  t»m  to  lopot  dotr  *0  «  *oIIm«(  (wittier  of  oeeeral  rtteffMiMt  ootlebJe* 


that  ara  apecif lab  by  (ht  u user  («,  ».  cia  t ,  y* ,  .  .  TImm  hw((om  replace  the 

fviwU|«  fore*  amd  acwai  rfUliOM  |i*«i  ia  reference  I  dote  ebay  ara  ayweific  to 
tba  tnbtO  Helicopter. 


Tk*  ayatiMi  beriveb  keyed  oa  tba  ceoveotieeal  befioitioe  of  tie  w|1m  of 
attack  ami  dbeeliy  mad  ia  tba  at  mi  taaaa).  Tbeae  M|)m  ara  aot  Color  M|l«c.  TH* 
M|U  of  attack  is  tka  feeaetric  eagle  Nitrairi  by  tba  mod*  1  relative  to  taaoe)  **i« 
at  aero  yaw  a«tU.  It  ia  aeaewrai  relative  to  tba  taaaa  1  floor  amd  bet  a«*  cheat* 
wltfc  yaw  M|l»r 


V  ¥ 

*.  *  ♦  *  taa 

f  a 


vkefe 


•t  *  *•  '  V"N  ■  '  ’  *i, 


the  eagle  l#  l»«  yew  labia  eagle  |a  tba  bori**etel  flaw  of  lie  tauel, 

t«#e*y*«(t*e  Ik*  eagle  of  attack* 


where 


t  *  «t  *  let*'— 

*i  *  .^pr^ 


*,•*»■  '**»'*,  ■  ' 


Che  t*<tgttM«fl*et  ami  OtemwMe  at* 

eh*  eogte.  Ik*  lateteS  Mte» 

e*v*  te . 


an  b*tb  |l«  eagle  *4  ett  *»V  e*4  a 
to  ere  babrmbtM  *ej»  mm  tie  *««**)*(< 


Htxvs' 

3»»t>  |  «  k®  «m  *«*’  *f  ‘  il.lMk  «*•*  «f  •  / 

-  MmkH#*'  I*  «  IM  10M 


«■**  *«  *  lb),  lei  <'**  ?» 


t-lft.-  -  *  jk  bit  ala  %  «  t)  Mb)  ala  ?*,  *  «l  Jtft  ala'  ♦,  -  ba.  tUrk  <** 

1  »  I  ft 

-  i.iiMbt^i11  k  «  l.bMW  ala  tt  >  iJWHl?  »f  *  tk.Hft 


«H*f.'r*e?  1  *  >V  tawa  a«a  „  •  li.bbia  ala  iu  -  t.bMU)  ala  li  -  b.fHWkVfC 

a  *  *  * 

'jbawatta- 

ritcMa*-  ?  *  i.r*m  *f  •  *t*  «•  ala  ?*f  •  kjg.fib  *|«*  ef  *  HiJH  teg  *f 

*  <«'  k#  •  M.HI 

t 

**Ul*g-  -  *  *»*.**?  ala  «  *  — -  (-4).  72?»  «*g  to  -  ?fQ.»CH.  <«g*  k 

a  •  »  •  * 

»  tfS.W*  tea*  a  *  Cbb  2**l  2V  «•  *  s  ft* 
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ML  ft 


*  <«i  f  *  *|y  *l»  t 
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wlwr«  ft  •  (til  rotor  cast  M|l*.  So  who#  ft  •  0*.  (to  mm  ««U  cotacito 

with  l to  wit  tyttM  taiirtriiOMl  with  (to  iy«(M. 

vtic  *  “r»  •  ^”*11 

(to  «tv«K«  ratio  (or  (to  tail  rotor  is  tto  coat  wit  tyttw  i«; 


{to  w«i»*  »i  attach  ato  aitoalif  for  tto  tail  rotor  ia  tto  root  act*  «ytu«  «r« 
liaiito  *»  i*h#t«h  ii ■ 


IMth  t 

tto  I*  tto  ««m  aola  «**«•  or*: 
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Tba  ia*K<4  velocity  it  tba  tall  rotor  U: 
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Figure  10  is  a  block  diagram  of  the  UK-60  horisontal  stabilator  control  system 
(ref.  2).  This  logic  has  been  incorporated  in  the  generalized  stability  and  control 
aupumtation  systen  of  the  math  model.  The  atabilator  logic  also  includes  the  provi¬ 
sion  for  a  fixed  horisontal  tail  incidence  that  is  to  be  specified  by  the  pilot. 


FITCH  BIAS  ACTUATOR 


The  l'K-60‘s  control  system  includes  a  pitch  bias  actuator  (FRA),  a  variable 
length  control  rod  which  changes  the  relationship  between  longitudinal  cyclic  control 
and  swashplate  tilt  as  a  function  of  three  flight  par«eters:  pitch  attitude,  pitch 
rate,  and  airspeed.  The  main  purpose  of  the  FBA  is  to  improve  the  apparent  static 
Ungitudinai  stability  of  the  aircraft.  A  detailed  description  of  the  FBA  is  given 
in  reference  2. 

The  FBA  was  modeled  directly  from  the  block  diagram  shown  in  figure  11  (ref.  2). 
the  airspeed  feedback  is  only  active  between  80  and  180  knots  since  below  80  knots, 
the  airspeed  feedback  for  the  stabilator  performs  the  same  stability  function.  The 
*>te«h  attitude  and  rate  feedback  is  active  throughout  the  entire  speed  range.  As  can 
be  .tin  rrum  the  block  diagram,  (be  FBA  actuator  authority  is  1ST  of  longitudinal 
cyclic  full  throw  and  has  a  naximus  rate  limit  on  the  actuator  travel  of  3X  per  sec. 
fhe  output  of  the  FBA  is  added  to  the  total  longitudinal  cyclic  control.  The  FBA 
t u g  t n  include*  an  on/of f  switch  to  inactivate  the  FBA.  if  deeired. 


ITf-AO  DCSCXJFTIOH  RGQUt  RDCHTS 


fable  1  lists  the  parameters  required  to  model  the  UK-60  end  the  values  used  in 
tf>e  math  nedel.  This  table  is  identical  to  table  J-l  in  reference  I.  except  that 

of  ilw  required  fuselage  parameters  have  boon  eliminated  because  of  the  oodlfl- 
i«  the  fuselage  aerodynamic  model.  The  values  listed  for  the  UH-60  in 
sable  l  were  obtained  trim  reference  2. 


table  1  list*  the  noma# re  feedforward,  crossfeed ,  and  feedback  gains  for  the 
f-u-so  control  system  tsee  fig.  4  of  ref.  I).  A  detailed  description  of  the  four  con¬ 
trol  couplings  is  give*  In  reference  2. 

table  1  lists  the  parameters  that  are  required  to  model  the  two  General  Electric 
C  rimM.* -  tm  engines  that  power  the  UK-60  and  the  values  that  are  used  in  the  math 
■ni'fte t .  these  values  are  bassd  on  available  T70Q-CE- 700  engine  data  for  the  AX -64 
helicopter. 


UK-60  HIM  CHARACTERISTICS 


a 


fable  4  lists  the  four  control  positions,  l|(  Sc,  and  (p,  the  lateral  and 
>ett li-at  velocities  Is  body  ases,  vg  and  wg,  and  the  Euler  pitch  and  roll  angles, 

1  and  #.  for  the  UH-60  (firmed  In  level  flight  at  s  variety  of  airspeeds. 


Wh-hO  fWMUTT  DERIVATIVES 


’  -«e  ♦4-^n-Lk.**  tHl  (or  Che  UH-60  math  model  are  presented  in 

<»  *hme*  were  generated  under  the  following  conditions: 

'  lawei  (tight 

'  pitch  hiaa  actuator  on 

'  HmUmuI  atabilator  active 

'  •**»*# /governor  model  off 

**  •  - »  t  a  *«*t*elfc*«lem  at  sea: 


■s  1  :  1 

ArB 
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5.0  deg/sec 

I  it 

A  <5 
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0.1 

in. 
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**/*•* 

*6a 
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0.1 
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U  1  I  .1 

h**/  —* 

A6C 
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0.1 

in. 

h*  ‘  1  ' 

loe/ao* 

ASP 

- 

0.1 

in. 

,wt  ■«  ■«»>♦»  tt<HieM»t««wl  stability  derivatives  were  obtained  by  considering 
.4  *4  >v»  pMtefbetloae  about  a  reference  trim  condition.  The 
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VALIDATION 


,..**►*,.*.  -a#  HP**  moth  model  was  accomplished  by  comparison  of  trim  and 

t»i  n  iw  »v  <!*♦#  tbmt  eet*  generated  from  the  UH-60  math  model  with  data  that 
— *  «44«IM  tetal  fotce  and  moment  math  model  of  the  UH-60,  devel- 
**.»**.  turn  Adeem* ed  Digital/Optical  Control  System  (ADOCS)  program 


,  -*«-.**»*  it  «4W*  level  flight  trim  characteristics  and  dimensional  sta- 
.  mreeed  by  the  hoeing-Vertol  UH-60  math  model  for  comparison 

KW  I*  tab  lee  *  through  10.  These  derivatives  were  generated 

**  <*•*  «•«#***'!■**  ee  the  ON-40  derivatives  were,  but  with  significantly  larger 
.***.»,.*  *  ♦lt#N«»t  WgP»t  aircraft  gross  weight,  and  a  faster  main  rotor 


rotational  velocity.  Figures  12  through  17  illustrate  six  of  the  more  important  UH-60 
stability  derivatives  vs  airspeed.  For  these  plots,  the  UH-60  data  are  shown  as  well 
as  the  data  generated  from  the  Boeing-Vertol  UH-60  math  model. 


CONCLUDING  REMARKS 


The  mathematical  model  of  a  UH-60  helicopter  described  in  this  report  was  devel¬ 
oped  for  real-time  piloted  simulation.  To  date,  this  model  has  been  used  successfully 
in  two  handling  qualities  simulation  experiments  on  the  six-degree-of-f reedom  Vertical 
Motion  Simulator  (VMS)  at  NASA  Ames  Research  Center  (refs.  5  and  6)  in  support  of  the 
ADOCS  program. 

For  these  simulations,  however,  high  levels  of  stability  augmentation  were  added 
to  the  baseline  UH-60  math  model,  thus  effectively  masking  many  of  the  characteristics 
of  the  basic  aircraft.  The  baseline  UH-60  model  has  not  been  evaluated  in  real-time 
piloted  simulations  nor  has  it  been  validated  with  flight  data  to  determine  the  accu¬ 
racy  with  which  it  models  the  actual  aircraft  dynamics  and  handling  qualities.  In 
addition,  neither  the  analog  and  digital  stability  augmentation  system  (SAS)  nor  the 
flight  path  stabilization  (FPS)  system  of  the  actual  UH-60  helicopter  is  included  in 
the  model. 
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TABLE  1.-  UH-60  DESCRIPTION  REQUIREMENTS 


>  . 


Description 

Algebraic 

symbol 

Computer 

mnemonic 

Units 

UH-60 

Main  rotor  (MR)  group 

MR  rotor  radius 

RMR 

ROTOR 

ft 

26.83 

MR  chord 

CMR 

CHORD 

ft 

1.73 

MR  rotational  speed 

Stt 

OMEGA 

rad /sec 

27.0 

Number  of  blades 

“b 

BLADES 

N-D 

4.0 

MR  Lock  number 

ymr 

GAMMA 

N-D 

8.1936 

MR  hinge  offset 

e 

EPSLN 

percent/ 100 

.04659 

MR  flapping  spring  constant 

Ks 

AKBETA 

lb-ft/rad 

0 

MR  pitch-flap  coupling  tangent 

K. 

AKONE 

N-D 

0 

of  63 

MR  blade  twist 

0tMR 

THETT 

rad 

-.3142 

MR  precone  angle  (required  for 

a0vn> 

AOP 

rad 

0 

teetering  rotor) 

MR  solidity 

°MR 

SIGMA 

N-D 

.08210 

MR  lift  curve  slope 

aMR 

ASLOPE 

rad-1 

5.73 

MR  maximum  thrust 

^max 

CTM 

N-D 

.1846 

MR  longitudinal  shaft  tilt 

i 

CIS 

rad 

.05236 

(positive  forward) 

MR  hub  stationline 

stah 

STAH 

in. 

341.2 

MR  hub  waterline 

"hi 

ULH 

in. 

315.0 

Tail  rotor  (TR)  group 

TR  radius 

®TR 

RTR 

ft 

5.5 

TR  rotational  speed 

^TR 

OMTR 

rad/sec 

124.62 

TR  Lock  number 

ytr 

GAMATR 

v-D 

3.3783 

TR  solidity 

°TR 

STR 

N-D 

.1875 

TR  pitch-flap  coupling  tangent 

FKITR 

N-D 

Of  63 

TR  precone 

a°TR 

AOTR 

rad 

.01309 

TR  blade  twist 

0tTR 

THETR 

rad 

-.3142 

TR  lift  curve  slope 

®TR 

ATR 

rad“l 

5.73 

TR  hub  stationline 

statr 

STATR 

in. 

732.0 

TR  hub  waterline 

^TR 

WLTR 

in. 

324.7 

11 


TABLE  1.-  CONTINUED 


Description 

Algebraic 

symbol 

Computer 

Units 

UH-60 

Aircraft  mass  and  inertia 

Aircraft  weight 

Wic 

UAITIC 

lb 

16400.0 

Aircraft  roll  inertia 

XIXXIC 

elug-ft* 

5629.0 

Aircraft  pitch  Inertia 

lYY 

XIYYIC 

slug-ft* 

40000.0 

Aircraft  yaw  Inertia 

X22 

XIZZIC 

slug-ft* 

37200.0 

Aircraft  cross  product  of  inertia 

^Z 

X1XZIC 

slug-ft* 

1670.0 

Center  of  gravity  stationline 

ST  ACC 

in. 

360.4 

Center  of  gravity  waterline 

WL 

c.g. 

WLCC 

in. 

247.2 

Center  of  gravity  butt  line 

BL  - 

Cege 

BLCC 

in. 

0 

Fuselage  (Fus) 

Fus  aerodynamic  reference  point 

STA.  __ 

STAACF 

in. 

345.5 

stationline 

Fus  aerodynamic  reference  point 

WLACF 

in. 

234.0 

waterline 

Horizontal  stabilizer  (HS) 

HS  station 

stahs 

STANS 

in. 

700.4 

HS  waterline 

Sis 

VLHS 

in. 

244.0 

HS  incidence  angle 

Ss 

AIHS 

rad 

variable 

HS  area 

SHS 

SHS 

ft* 

45.0 

HS  aspect  ratio 

a*hs 

ARHS 

N-D 

4.6 

HS  maximum  lift  curve  slope 

CLmaxHS 

CLMHS 

H-D 

1.03 

HS  dynamic  pressure  ratio 

'His 

XNH 

N-D 

.4 

Main  rotor  Induced  velocity  effect 

*Vmb 

XXVNR 

N-D 

1.8 

at  HS 

Vertical  fin  (VF) 

VF  stationline 

ct\f 

STAVF 

in. 

695.0 

VF  waterline 

Sf 

WLVF 

in. 

273.0 

VF  incidence  angle 

*VF 

AIFF 

rad 

0 

VF  area 

SVF 

SF 

ft* 

32.3 

VF  aspect  ratio 

Stf 

ARF 

N-D 

1.92 

VF  sweep  angle 

af 

ALMF 

rad 

.7156 

VF  maximum  lift  curve  slope 

CLmaxvF 

CLMF 

N-D 

.89 

VF  dynamic  pressure  ratio 

nVF 

VNF 

N-D 

.651 

Tall  rotor  induced  velocity  effect 

kVTB 

XKVTR 

N-D 

1.0 

at  VF 
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m 


DMcripiloa 

Algebraic 

ayabol 

Coapuur 

Units 

UU-bO 

Controls 

Swashplate  lateral  cyclic  pitch 

C*»i 

C§»€ 

out 

rad 

0 

for  aero  lateral  cyclic  stick 

Swashplate  longitudinal  cyclic 

Ctlf 

rad 

0 

pitch  for  aero  longitudinal 
cyclic  stick 

Longitudinal  cyclic  control 

s 

o» 

CXI 

rad/in. 

.0**1% 

sensitivity 

Lateral  cyclic  control  sensitivity 

CK2 

rad/in. 

1 

.02792 

Hein  rotor  root  collective  pitch 

C* 

a 

rad 

.2206  1 

for  aero  collective  stick 

Main  rotor  collective  control 

C* 

C6 

rad/in. 

1 

.02792  ! 

sensitivity 

Tail  rotor  root  collective  pitch 

C, 

c? 

rad 

I 

1 

.17*1 

for  aero  pedal  position 

Pedal  sensitivity 

C, 

Cl 

rad /In. 

-.0771* 

TABU  2.'  LW'AO  CDVTBDL  STST1SH  OUUUCmiSTtCf 


DMCfiritM 

j&gtigaaii  la&gg 

r  - - 

{  lo./to. 

i — — 

f  1 

1 

UaiiimUmI  dUk  10  iMtimiiM)  eyelid  *#/f# 

f*m 

to 

U<«r*l  click  to  iMtul  civile 

v\ 

1.0 

Collective  flick  10  coliMlivt  control 

U'*tm 

**u> 

1,0 

'  fwUlt  t«>  difMilPMl  control 

1 

Vfpf 

flutO) 

1,0  ' 

i 

*L£g*&£iS*  *»*«» 

1  1 

■i 

CellMtlfr  flick  to  tfOllldlMl  cyclic 

V‘cf 

atu) 

• ,  IkfO 

MUU  to  l«A|.it«diMl  cyclic 

t0nm 

9  f* 

•ottii 

-  ,11IA 

(0llMti«*  nick  to  lotorol  cyclic 

V#c. 

**c«i 

i 

-.10 

Collective  nick  to  Airoctlonol  control 

V#C# 

;  «*ni! 

>,lMt 

f««40«c»  ml  wo  >n./r#</*e* 

i 

flick  rot*  to  lotvrol  cyclic 

vs 

»mj,2i 

1.1 

:  Roll  roto  to  l«ocnvilMl  cyclic 

!  VS 

frm.ti  ; 

TASLt  ).•  Ctt-AO  IKtM  OMMCmiSIICt 


Oeecrtptle* 

AlgoOroic 

«|tkul 

1  C  inn  liter 

Celt* 

un-no 

rfoo-ct*  ?<w 

«MJBa/Jcwsy 

GnitiAC  polo 

KTR 

1,7* 

tneirve  t  too  ceootont 

• 

t 

irt 

MC 

1  .2* 

tkrmle  tine  com* toot 

*t 

IWtAC 

*e* 

1.25 

Tkr  >tli(  po* It  Ion 

rant 

t 

■ 

JO  fpo  loot  Holt 

\tn 

(ML  If* 

roPfoec 

f.O 

r,**r  ratio 

zT*fm 

THC1AII 

*-o 

4. *2 

Ptoyottloool  (Wftnwt  (tolkrtk 
polo 

OKI 

U  , /rof/oer 
feel 

2000.0 

Integral  »wnwt  (wdkcclt 

*g5 

(*C2 

ftaifmrc 

2500.0 

*•»« 

Rote  governor  fteftock  goto 

!  **, 

I  c*c.) 

. ft o4 /#ec 
f  Vtl 

_ 

500.0 

i  . . .  ...  .  .. 

i 

■i _ _ 

J _ 
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CmgtM«(i«c 
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IftlHl 
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L’-  -  tmt  rtICHT  TRIM  CHARACTERISTICS 

4** !i£» VRRTOL  UH-60  MATH  MODEL 


-  -p— — — — ^ 

b|itlv*Unt  airspeed,  knots 

Units 

<»  » 

J*  “ - , — 

20.0 

40.0 

60.0 

100.0 

140.0 

L  iVtl 

0.5*18 

0.3636 

0.5149 

-0.5356 

-1.0539 

in. 

♦  t%» 

2*20 

-.7106 

-.3199 

-.1098 

-.0917 

in. 

t  **»/* 

5.0054 

4.2440 

3.8582 

4.2054 

5.6883 

in. 

i-am 

« 

-.2*00 

-.05631 

-.1254 

.0974 

.1798 

in. 

* 

0 

0 

13.165 

9.4517 

11.308 

ft/sec 

’>  * 

4.0607 

6.5824 

3.8820 

4.8946 

-13.840 

ft/sec 

*  tut* 

6. *262 

5.5167 

2.2425 

1.6799 

-3.3533 

deg 

i  tee* 

**  r.  an 

*1.60*1 

-1.2929 

0 

0 

0 

deg 

■‘Am.*  t|  .  *.  t,  AMD  Z- FORCE  STABILITY  DERIVATIVES 
tOtJRC-VtRTOL  UH-60  MATH  MODEL 


tqetvalent  airspeed,  knots 


,  t 

-f  r  ' 

1  10.0 

*0.0 

60.0 

100.0 

140.0 

Units 

ii  jtm 

»  Ol** 

[  -0.027* 

-0.0201 

-0.0422 

-0.0517 

1/sec 

t  *<W*t 

V 

-1.3039 

-1.2532 

-.7256 

-.2927 

ft/in. /sec2 

»4nn 

-.0513 

-.0693 

-.0950 

-.1336 

-.1749 

1/sec 

Hw« 

V 

.***•  ' 

.9417 

.9148 

.9364 

.9924 

f t/in. /sec2 

1  * ;  i ; 

-1.6223  i 

-1.6140 

-1.7968 

-2.1322 

-2.3677 

ft/in. /sec2 

-  ivj  ; 

-.1332 

-.0546 

-.0158 

-.0324 

1/sec 

A 

-H>5 

-.5395 

-.6523 

-.7658 

-.8418 

1/sec 

-  ;  t  m 

(J»26 

-1.8678 

-3.0911 

-5.8800 

-8.8178 

f t/in. /sec2 

e. 

-*.(266 

-7.8250 

-9.0061 

-10.4761 

-11.8225 

f t/in. /sec2 

***• 

>  A 

1.1*30  » 

a _ 1 

1.7228 

2.5612 

4.3935 

6.3606 

ft/in. /sec2 

22 


,r 


TABLE  13.-  M-MOMENT  STABILITY  DERIVATIVES 
BOEING-VERTOL  UH-60  MATH  MODEL 


Equivalent  airspeed,  knots 


0.5 

20.0 

40.0 

60.0 

100.0 

140.0 

Units 

0.0005 

0.0091 

-0.0043 

0.0040 

0.0022 

0.0019 

rad/ft/sec 

.0085 

.0022 

-.0006 

.0011 

-.0019 

-.0068 

rad/ft/sec 

.0021 

.0122 

.0050 

.0072 

.0082 

.0113 

rad/ft/sec 

-.7674 

-1.0262 

-1.2832 

-1.5541 

-1.9808 

-2.1616 

1/sec 

.2938 

.2859 

.2567 

.2379 

.1797 

.1937 

1/sec 

-.0688 

-.0595 

-.1181 

-.1149 

-.0860 

-.0750 

1/sec 

.3287 

.3366 

.3850 

.4133 

.4543 

.4997 

rad/in. /sec2 

-.0051 

.0042 

.0134 

.0128 

.0397 

.0585 

rad/in. /sec2 

-.0183 

-.0352 

.1574 

.1362 

.1294 

.1418 

rad/in. /sec2 

.0411 

-.0010 

-.0499 

-.0562 

-.0881 

-.1113 

rad /in. /sec2 

TABLE  14.-  L-MOMENT  STABILITY  DERIVATIVES 
BOEING-VERTOL  UH-60  MATH  MODEL 


Equivalent  airspeed. 

knots 

Units 

0.5 

20.0 

40.0 

60.0 

100.0 

140.0 

-0.0260 

-0.0250 

-0.0267 

-0.0258 

-0.0304 

-0.0343 

rad/ft/sec 

-1.7256 

-1.8067 

-1.5485 

-1.4919 

-1.3987 

-1.4051 

1/sec 

-3.3484 

-3.5455 

-3.7116 

-3.7659 

-3.6853 

-3.3574 

1/sec 

.2119 

.3507 

.4149 

.4878 

.6814 

.8556 

1/sec 

1.3118 

1.3297 

1.3147 

1.2866 

1.2907 

1.3128 

rad/in. /sec2 

-.9313 

-.8816 

-.8968 

-1.0035 

-1.1990 

-1.3063 

rad/in. /sec2 

TABLE  15.-  N-MOMENT  STABILITY  DERIVATIVES 
BOEING-VERTOL  UH-60  MATH  MODEL 


Engineering 

Equivalent  airspeed,  1 

mots 

Units 

symbol 

0.5 

20.0 

40.0 

60.0 

100.0 

140.0 

N 

V 

0.0081 

0.0108 

0.0119 

0.0141 

0.0176 

0.0195 

rad/ ft /sec 

N 

p 

-.1856 

.0322 

.0251 

-.0446 

-.0706 

-.0955 

1/sec 

N 

r 

-.2879 

-.3902 

-.5142 

-.6283 

-.8389 

-1.0394 

1  /sec 

N*a 

.0266 

-.0286 

-.0268 

-.0110 

.0014 

.0032 

rad /in. /sec2 

N«c 

.0665 

.0576 

.0222 

-.0191 

-.0544 

-.0041 

rad/in. /sec2 

% 

.7153 

.6731 

.6720 

.7668 

.9319 

1.0023 

rad/in. /sec2 

✓  > 
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BOEING-VERTOl  UH-60 
MATH  MODEL 


0  20  40  60  80  100  120  140 

AIRSPEED,  knot* 

Figure  15.-  Pitch  damping  vs  airspeed. 
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tft  twici  This  report  documents  the  revisions  made  to  a  ten-degree-of- freedom, 
full-flight  envelope,  generic  helicopter  mathematical  model  to  represent  the 
UH-60  helicopter  accurately.  The  major  modifications  to  the  model  include 
fuselage  aerodynamic  force  and  moment  equations  specific  to  the  1M-60,  a 
canted  tall  rotor,  a  horisontal  stabilator  with  variable  incidence,  and  a 
pitch  bias  actuator  (PBA) .  In  addition,  this  report  presents  a  full  set  of 
parameters  and  numerical  values  which  describe  the  helicopter  configuration 
and  physical  characteristics. 

Model  validation  was  accomplished  by  comparison  of  trim  and  stability 
derivative  data  generated  from  the  UH-60  math  model  with  data  generated 
from  a  similar  total  force  and  moment  math  sodel. 
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